Abstract The ability of dead cells of endophytic Drechslera hawaiiensis of Morus alba L. grown in heavy metals habitats for bioremoval of cadmium (Cd , and Pb 2 equal to 100%, 100%, and 99.6% with uptake capacity estimated to be 0.28, 2.33, and 9.63 mg/g from real industrial wastewater, respectively were achieved within 3 hr contact time at pH 7.0, 7.0, and 6.0, respectively by using the dead biomass of D. hawaiiensis compared to 94.7%, 98%, and 99.26% removal with uptake equal to 0.264, 2.3, and 9.58 mg/g of Cd 
, and Pb 2 equal to 100%, 100%, and 99.6% with uptake capacity estimated to be 0.28, 2.33, and 9.63 mg/g from real industrial wastewater, respectively were achieved within 3 hr contact time at pH 7.0, 7.0, and 6.0, respectively by using the dead biomass of D. hawaiiensis compared to 94.7%, 98%, and 99.26% removal with uptake equal to 0.264, 2.3, and 9.58 mg/g of Cd , respectively with the living cells of the strain under the same conditions. The biosorbent was analyzed by Fourier Transformer Infrared Spectroscopy (FT-IR) analysis to identify the various functional groups contributing in the sorption process. From FT-IR spectra analysis, hydroxyl and amides were the major functional groups contributed in biosorption process. It was concluded that endophytic D. hawaiiensis biomass can be used potentially as biosorbent for removing Cd Keywords Biosorption, Died biomass, Drechslera hawaiiensis, Heavy metals
In developing countries such as Egypt many industries are operated at smaller units that can produce a huge pollution load which, in many cases, is discharged directly into the environment without any facilities for wastewater remediation [1] . Heavy metals pollution is deleterious problem because of their environmental toxic effects and accretion through the food chain, which results in serious health and ecological problems [2, 3] . Heavy metals of concern that are frequently revealed in industrial wastewaters originate from different industries like mining activities, smelting, battery manufacture, metals plating, petroleum refining, paint manufacture, pesticides, pigment manufacture, printing, and photographic industries involve lead, copper, chromium, mercury, uranium, selenium, zinc, arsenic, cadmium, silver, gold, and nickel [3, 4] . Currently heavy metals pollution in the aquatic system has become a serious threat and of great environmental concern because they are persistent. These metals have negative effects on humans like brain damage, reproductive failures, nervous system failures and tumor formation. Cadmium is linked with renal dysfunction, disruptive lung disease, cancer, and harm of human respiratory systems but high doses of copper lead to anemia, liver and kidney failure, stomach and intestinal agitation and as a probable human carcinogen [5, 6] . In recent years, biological methods of metals removal have been recommended as alternative non-hazardous, inexpensive and efficient techniques to conventional approaches of industrial wastewater treatment 74 El-Gendy et al.
and possibility of recovering metals from the adsorbing fungal mass. Endophytic fungi has been applied to sequester copper, lead, zinc, nickel, cadmium, gold, silver through several functional chemical groups that might attract and sequester metal ions [1, 5, 7] .
In this study, fungal biomass obtained from endophytic Drechslera hawaiiensis of Morus alba L., was used as an alternate low-cost biosorbent for heavy metal ions Pb 2+ , Cd
2+
, and Cu 2+ removal from aqueous solutions. The biosorptive performances of this fungal biomass in the heavy metals biosorption processes was examined in batch experiments as a function of the most important operating parameters (initial pH, heavy metals concentration, biosorbent dose, and contact time) in order to establish the optimal conditions for bioprocess operation. The experimental results were modeled using Langmuir and, Freundlich isotherm models in order to highlight the most important characteristics of the biosorption mechanism. The efficiency of live and nonliving cells for removing these metals from real industrial wastewater was evaluated. Moreover the biomass functional groups in D. hawaiiensis implicated in the biosorption process were studied using Fourier Transformer Infrared Spectroscopy (FT-IR) spectral analysis.
MATERIALS AND METHODS
Chemicals and preparation of the stock solutions. Sodium hydroxide, nitric acid, and metal ions standard were of analytical grade and they were performed according to Saiano et al. [8] ). Fresh leaves of Morus alba samples, isolation and identification of their fungal endophytes were described in the previous study of El-Gendy et al. [5] .
Culture conditions and fungal biomass preparation for biosorption. Spores (10 6 CFU/mL) of 10-day-old culture on potato dextrose agar were routinely cultured into a growth medium, yeast malt extract glucose medium composed of yeast extract (5 g/L), malt extract (10 g/L), and glucose (20 g/L) in distilled deionized water and cultivated under static conditions at 30 o C for 10 days in dark and mycelia were taken as byproduct. Thereafter the biomasses were autoclaved at 121 o C for 15 min and then biomass harvested by filtering through a membrane filter, washed with deionized water to remove non-biomass particles and freeze-dried. Dried dead biomass was ground using a mortar and pestle and then used as fungal powder for biosorption studies.
Metal uptake. Thirty milligrams of fungal biomass were inoculated into 55 mL of such metal ion solution containing 5 mg/L of cadmium, copper or lead individually and adjusted pH to 6.0 ± 0.1. The flasks were kept under magnetic stirring, the time dependence of metal ion concentration measured within 3 hr at 30 o C, the filtrates were acidified with HNO 3 and its contents of each metal ion after each treatment were analyzed after proper digestion and dilution by atomic absorption spectrophotometer. Metal solution without adding biomass was served as control. Removal and uptake of each metal ion was expressed as % and mg/ g, respectively. Experiments were carried out in duplicate and average values were recommended. Amount of metal ions (mg) bioadsorped per gram dry biomass was calculated using the following equation:
Where Q, mg of metal ion bioadsorped per gram of biomass; C 0 , initial metal ion concentration (mg/L); C, final metal ion concentration (mg/L) after biosorption; M, mass of biomass in the reaction mixture (g); and V, volume of the reaction mixture (L) [9] .
Adsorption isotherms.
Two isotherm equations have been tested in the present study, namely Langmuir and Freundlich equations: Langmuir equation represented as qe = Q o bCe/(1 + bCe), where qe is the amount of biosorbed metal ions at time t (mg/g); Ce is the equilibrium concentration (mg/L); Q o (mg/g) and b (L/mg) are the maximum biosorption capacity and energy of adsorption, respectively. Ka = 1/Kd = b, ln Ka = ΔG max/RT (R is the gas constant, 8.314 J/mol K). The essential characteristics of a Langmuir isotherm can be expressed in terms of a dimensionless L constant separation factor called the equilibrium parameter, RL, which is used to predict if an adsorption system is "favorable" or "unfavorable by the following relationship RL = 1/(1 + bC 0 ), where RL and C are the dimensionless constant separation factor or equilibrium parameter and initial metal ions concentration, respectively. The value of RL indicates the shape of isotherm to be either unfavorable (RL > 1) or linear (RL = 1) or favorable (0 < RL < 1) or irreversible (RL = 0).
The Freundlich expression is an empirical equation based on adsorption on a heterogeneous surface. The equation is commonly presented as: q exp = n · Ce · Kf, where q exp is the amount of adsorbed metal ions at time t (mg/g), Ce is the equilibrium concentration (mg/L), Kf (mg/g), and n (g/L) are the equilibrium constants indicative of biosorption capacity and biosorption intensity [9] .
Effect of different pH values on the removal and uptake of Cd

2+
, Cu
, and Pb 2+ by D. hawaiiensis. Initial pH values of the solutions were set at pH 2, 4, 6, 7, and 8 using nitric acid and sodium hydroxide solutions. The solution containing 5 mg/L metal ions was mixed with 30 mg dried biomass and kept under magnetic stirring for different contact time 10, 30, 60, 120, 180, and 360 min. The biomass was separated by filtration through filter paper Whatman No. 1 (Whatman, Kent, UK) and then filtrate analyzed for remaining cadmium, copper or lead. Maximum sorption data was used to find out optimum pH and the remaining experiment was conducted at the optimum pH. 
Effect of initial metal ion concentration on Cd
Effect of biomass dose on metal ions removal by D.
hawaiiensis. To find out the metal biosorption capacity of the treated biomass, the dissolved metal was taken at 5 mg/L while the concentration of biomass in the solution used in the range of 5-110 mg, each solution was tested at optimum pH for different contact time ranged between 10 and 360 min.
Metal adsorption from real industrial wastewater.
Adsorption experiments were performed using real industrial wastewater obtained from textile and painting factory effluents. Wastewater was previously filtered with a Millipore 0.45 mm filter and adsorption capacities were evaluated at different pH values (pH 4.0, 6.0, and 7.0 ± 0.1, respectively) using 30 mg of biomass in 55 mL of the wastewater, the suspension stirred for 3 hr and then the determination of metal content in the solution was performed as described before [8] .
FT-IR analysis. FT-IR was used to determine the vibration frequency groups in the biosorbent. For the IR studies, died dried fungal biomass before and after biosorption were mixed with KBr and then grounded in an agate mortar. The mixture was pressed to form pellets and used in the recording of spectra using Unican Mattson Mod 7000 FT-IR Spectrometer. Correspondences of characteristic peaks in the present study were based on known data from the literatures of Chew et al. [10] , Ratnasri and Hemalatha [11] , Madani et al. [12] , Huang et al. [13] , Gu et al. [14] , and Barsainya et al. [15] . , respectively reflect the good correlation between the values estimated by the Langmuir model and the experimental data. Thus Langmuir isotherm is created to be in parallel with experimental results as reported by previous studies [17] . Conversely Filipović-Kovačevic et al. [18] and Lokeshwari and Joshi [19] reported that Freundlich model displays better fit to the sorption results of Cr (VI) and they proposes that multilayer sorption takes place on the surface of biomass on fungal mycelium. (Fig. 3A) may be attributed to the competition between hydrogen and metal ions on the sorption sites with an apparent preponderance of hydrogen ions [6] . However, D. hawaiiensis exhibited 100% removal of Cd 2+ at pH 6.0, 7.0, and 8.0 with uptake 8.3 mg/g after process time of 120, 120, and 10 min, respectively. These data supporting a correlation between increasing pH and decreasing the time of biosorption process on one hand and supported pH 8 for the best removal and uptake of cadmium at the shortest time by D. hawaiiensis on the other hand (Fig. 3A) . Moreover, acidic pH was not fit for removal and uptake of both Cu 2+ and Pb 2+ due to D. hawaiiensis removed 100% of both metals with uptake equal to 9.16, and 8.26 mg/g, respectively at the longest contact time (360 min). Neutral pH (6.0-7.0) supported the best removal of Cu 2+ and Pb 2+ by the dyed biomass of D. hawaiiensis at the shortest time and it reached a peak (100% removal) with uptake value equal to 9.16, and 8.26 mg/g, respectively with contact time of 180 min for both processes (Fig. 3B and 3C) ) for the sorption. Furthermore, higher initial concentration provides increased driving force to overcome all mass transfer resistance of metal ions between the aqueous and solid phase, resulting in higher probability of collision between metal ions and sorbents [1, 26] . Our results are in line with Ratnasri and Hemalatha [11] on biosorption of different metals by isolates of Aspergillus species and Barsainya et al. [15] on Cr(VI) uptake using psychrophilic and mesophilic Penicillium species. Moreover, the uptake capacity by A. niger, P. simplicissimum, T. asperellum, A. niger, and endophytic fungi A. alternata were increased with increasing the initial concentration of heavy metals [6, 14, 27] . On the other hand, Onn et al. [7] in his work on biosorption by mangrove endophytic fungi and Tanwar et al. [26] reported that there is a decrease of the removal percentage of metal like Cd 2+ and Pb 2+ with increase in initial metal concentrations from 5-25 mg/L. Effect of D. hawaiiensis biomass concentration on heavy metals removal and uptake. The effect of sorbents dose was evaluated as an important parameter to identify the relationship between metal ion sorption and mass of sorbents. The variations of the removal and uptake amount of each metal ion with increasing the adsorbent dosage in Table 3 shows that onto 5 mg of D. hawaiiensis the total removal of Cd 2+ and Cu 2+ with uptake of 31.46 and 66.0 mg/g, respectively was reported after 360 min of treatment. On the other hand, with increasing of D. hawaiiensis biomass concentrations (30, 50, 70, 90, and 110 mg), the uptake was decreased to 5.24, 3.14, 2.24, 1.74, and 1.43 mg/g for Cd 2+ as well as 11, 6.6, 4.71, 3.66, and 3 mg/g for Cu 2+ , respectively from the aqueous solutions after treatment for 10 min (Table 3) . Furthermore, using 5 mg of D. hawaiiensis biomass (after contact time 180 min); 30 mg (after contact time 120 min); 50, 70, 90, and 110 mg (after contact time 10 min) showed 100% removal of Pb 2+ with uptake equal to 52. 8, 8.8, 5.28, 3 .77, 2.93, and 2.4 mg/g, respectively (Table 3) .
Effect of different pH values on
Consequently, increasing biomass concentrations resulted in a decrease in the removal and uptake of Cd 2+ , Cu 2+ and Pb 2+ per unit of D. hawaiiensis dry weight. The same conclusion was obtained on the biosorption by Penicillium cyclopium [24] , Trichoderma sp. [10] , T. longibrachiatum [25] , A. niger [14] , endophytic fungi A. alternata [6] , Beauveria bassiana [3] , mangrove endophytic fungi [7] , Nocardiopsis sp. MORSY1948, and Nocardia sp. 2014 [1] , they displayed no further increase in adsorption of heavy metals after a certain amount of adsorbent was added because of the higher dose of adsorbents in the solution, the greater availability of exchangeable sites for the ions and the high mass of adsorbent not permitting effective contact between the adsorbent and the metal ions but partial cell aggregation occur at high biomass concentrations lead to decrease of active sites. , and Pb 2+ ions from real industrial wastewater was estimated by using live and dead fungal biomass of D. hawaiiensis at three pH values (Fig. 4) under the optimized conditions. The biomass of D. hawaiiensis removed all the three heavy metal ions meaningfully and showed same preference order of Pb 2+ > Cd 2+ > Cu 2+ as was obtained with synthetic solution (Fig.  4) . The maximum removal (100%, 100%, and 99.6%) and uptake capacity (0.28, 2.33, and 9.63 mg/g) of Cd (Fig. 4) . Then, the bioaccumulation and removal capacity of these heavy metals by dead biomass of the strain was higher than alive biomass in the real industrial wastewater due to the pretreatment of the fungal biomass with heat enhanced the stability, settling property and heavy metal uptake capacities of the biomass as previously reported [3, 11, 28] . Under optimized conditions slight decrease in heavy metal ions noted in sorption potential from industrial effluents than from synthetic solutions could be due to various impurities present in electroplating industrial effluents in the form of anions i.e., SO 4 2− , NO 3 
Adsorption of heavy metals Cd
−
, and Cl − that may compete for binding sites on the fungal cell walls and then reduce uptake of metallic ions from industrial wastewater using fungi [2, 29] . Similar results were reported on the removal and uptake of heavy metals by endophytic fungi like mangrove endophytic fungus Fusarium sp. #ZZF51 [22] and endophytic A. alternata isolated from Cupressus torulosa [6] .
FT-IR spectral analysis. The FT-IR analysis of the D. hawaiiensis is required to recognize the functional groups that played a role in the adsorption of metal ions. Data in Fig. 5 show that major representative bands recorded in biomass involved a broad O-H and N-H stretching vibration band gotten around 3,500-3,200/cm (for intermolecular hydrogen bonding H-bonded OH groups) attributed to the overlapping of O-H and N-H stretching vibrations, the band at 2,930/cm is representative of -CH stretching containing -CH3 and CH2 functional groups attributed to fatty acids found in fungal membrane phospholipids, a pronounced peak at 1,650/cm and 1,500/cm correspond to aromatic C=C, C=O, and/or C=O of conjugated ketones or attributed to the C=O, and C=N of primary and secondary amides stretching but peaks at 1,458/cm and 1,400/cm refer to N-H bending in the amine groups and methyl asymmetric C-H bending, respectively. The peaks located at 1,242/cm, 1,103/cm, 1,075/cm, 1,056/cm, and 1,035/cm can be attributed to P=O asymmetric and symmetric stretching vibrations from phosphate functional groups while the peaks at 1,000/cm to 800/cm may be attributed to the C-O , and Pb 2+ from real industrial wastewater by alive and dead Drechslera hawaiiensis.
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stretching, C-OH and C-O-C groups of alcohols, carboxylic acids, carbohydrates or polysaccharides-like substances. Bands at 678.9-470.6/cm could be correlated to C-C-OH asymmetric bending and C≡C-H functional groups.
The absorption spectrum of cadmium, copper and leadloaded fungal biomass individually was compared with that of control biomass. The FT-IR spectroscopic analysis of cadmium, copper and lead loaded biosorbent of D. hawaiiensis (Fig. 6A-6C ) exhibited shifted of mentioned peaks in the unloaded biomass (control) especially in the biomass loaded with cadmium followed by lead and copper.
Whereas strong asymmetrical stretching bands at 3,500-3,000/cm indicative of hydrogen bonded O-H and -NH groups stretching, 2,800-3,000/cm bands were due to C-H stretching (methyl, methane group). Different functional groups such as CO stretching in carboxyle or amide group , compounds were present on the mycelium. The peaks shifted with the attendance of each metal ion proposing an interaction of metals with these functional groups in the biosorption process. Moreover, the main functional groups responsible for a biosorption process were the hydroxyls, carbonyls, carboxyls, phosphate, sulfhydryl, amides, imidazoles, phosphonates, phosphodiester and other functional groups are the sites of metal uptake. Our data were in line with Chew et al. [10] , Ratnasri and Hemalatha [11] , Madani et al. [12] , Huang et al. [13] , Gu et al. [14] , and Barsainya et al. [15] studies.
It can be concluded that this study validates that the dyed biomass of D. hawaiiensis is an efficient and alternative biomass for removing metals ions in the order Pb 2+ > Cd 2+ > Cu 2+ in terms of highly efficient reliable biosorbing bioagent for effectively removing heavy metals from aqueous environment. There were variances in the positions of the peaks in FT-IR graphs presentation the shifting of all the peaks or bands influenced by the metal ions. A change in peak position in the spectrum of D. hawaiiensis after remediation the sample contain either Pb 
